Abstract
Introduction

1
The ability to respond to stress is critical for survival, especially in organisms that reside 2 in a dynamic environment such as the varied niches within a host organism. Candida 3 species are the most prevalent fungal pathogens of humans, causing mucosal 4 infections of the mouth, genito-urinary tract and skin, as well as life-threatening blood 5 stream infections. C. albicans resides as a harmless commensal in the human 6 gastrointestinal tract, yet it causes >50% of all systemic fungal infections . A number of 7 traits, including the ability to switch to hyphal growth and to undergo phenotypic Genetic responses to growth in new, stressful environments include changes in gene 11 copy number, which provides a rapid mechanism to adapt available genetic material to 12 cope with altered conditions (7, 10, 15, 33, 42) . Telomeric regions of the genome exhibit 13 the most variation, and variation accumulates rapidly in these regions (7, 9, 12 (3, 7, 10, 43) ; the subtelomeric family of FLO genes, which 17 encode the ability to adhere to different cellular and abiotic surfaces, have expanded in 18 some fermentation and clinical isolates (22, 43, 45 ).
19
The telomere-associated (TLO) gene family in C. albicans is a remarkable example of 20 gene family expansion near the telomeres. The TLO gene family is the gene family that 21 has expanded most in C. albicans relative to the less pathogenic Candida species (6) .
22
C. albicans has fourteen annotated TLO genes, compared to two TLOs in the closely 1 related oral pathogen C. dubliniensis, and a single TLO gene in most other Candida 2 species (6, 44) . TLO is found at an internal locus on chromosome 1 (Chr1), although whether this TLO 6 is expressed is not known (44). In S. cerevisiae, the most terminal ORFs encode the 7 subtelomeric gene families Y' and X, which encode RNA helicases and transcriptional 8 silencers, respectively (26) (27) , and are actively transcribed (47).
9
The first TLO gene to be identified was named 'CTA2' and was isolated in an S. 10 cerevisiae one-hybrid screen for C. albicans trans-activating proteins (24). This implies 11 that Tlo proteins bind (directly or indirectly) to DNA and have the potential to regulate 12 transcription. Indeed, the predicted TLO proteins all include a domain with high similarity 13 to Med2, a component of the Mediator complex, which regulates the transcription of Here, we characterize the structure and expression patterns of the C. albicans TLO 18 gene family. Phylogenetic analysis indicates that there are three clades of expressed 19 TLO genes, α, β and γ, all of which include a predicted Med2 domain. They differ 20 primarily by the presence of LTR insertions that alter the coding sequences. In addition,
21
we identified a fifteenth TLO gene, organized in a head-to-tail arrangement with a TLO 22 pseudogene copy that lacks the Med2 domain. We found that members of the TLOγ 1 clade produce both spliced and unspliced transcripts and that the splice junctions are 2 different in different TLOγ genes. Tlo proteins encoded by all three clades are detected 3 in the nucleus and the Tloγ proteins also localize to mitochondria. TLOα genes are 4 expressed at the highest levels, with TLOγ clade transcripts and proteins expressed at 5 much lower levels under a range of physiologically relevant growth conditions. This 6 broad range of Tlo expression levels and different localization patterns is predicted to 7 result in a similarly broad range of mediator complex subunit composition, perhaps 8 facilitating adaptation to the broad range of host niches that C. albicans occupies.
9
Materials and Methods
10
Growth conditions used
11
Standard growth conditions were rich medium (YPAD at 30°C) (39 Assignment of TLOs to chromosome arms 7 SC5314 DNA was collected as previously described (17) . PCR was performed using 8 arm-specific primers together with a pan-TLO primer, which are all listed in Table S1 .
9
The arm-specific primers were designed against the closest region of unique sequence 10 to the TLO.
11
Construction of the right arm of Chr1 was performed by amplifying a ~4kb fragment 12 using the pan-TLO primer and Chr1 right arm-specific primer in Table S1 amplicons were verified by DNA sequencing of cDNA.
6
Splicing abundance assay 7 SC5314 cDNA was used to PCR amplify both spliced and unspliced TLOγ16 transcripts 8 using the primers described to identify both RNA isoforms above. Amplified products 9
were run by gel electrophoresis on the same 1% gel and band intensities were independent experiments were run for each condition or strain tested.
12
Western Blot of Tlo abundance
13
Protein lysates were collected as previously described (14) . Western blots were 14 performed with mouse anti-GFP (Roche, Penzberg, Germany), goat anti-CDC28 (Santa
15
Cruz Biotechnology, Santa Cruz, CA), and mouse anti-PSTAIR ab10345 (abcam,
16
Cambridge, MA).
17
RESULTS
18
Identification and mapping of TLO clades. Fourteen telomere-associated (TLO)
19 genes were previously defined and mapped to the assembled C. albicans genome 9
The TLOα clade has 6 members, each encoded by a single exon. Med2 domain (Fig. 1A) . Thus, we performed fluorescence microscopy of TLO genes the TLO coding sequence provided the basis for targeting GFP to specific TLO genes.
10
To identify the TLO gene tagged with GFP, we sequenced an amplified fragment from 11 the GFP-tag into the Tlo Med2 domain. To ensure that this gene was on the expected 12 chromosome end, we also analyzed chromosomes separated on CHEF gel by Southern
13
blotting with a probe against URA3, the selectable marker used to introduce the GFP-14 tag. Tloα9-GFP, Tloα12-GFP and Tloβ2-GFP colocalized with DAPI staining of nuclear
15
DNA in a single large focus per cell in >80% of cells imaged (Fig. 3A,D) . In contrast,
16
Tloγ16-GFP and Tloγ13-GFP exhibited a more complex pattern: some of the GFP 17 signal colocalized with DAPI in the nucleus and some colocalized with DAPI to regions 18 outside the nucleus at the cell periphery (Fig. 3B,C) . This peripheral Tloγ16-GFP and in only ~2% of cells imaged (Fig. 3D) sequencing (RNA-Seq) data reported for C. albicans strain SC5314 by Bruno, et al (4) .
8
The abundance of most TLO transcripts appeared to be similar under standard growth 9 conditions, suggesting that TLO genes from all clades were expressed at similar levels
10
( Fig. 4A) .
11
A concern with RNA-Seq analysis is ambiguity in the mapping of sequencing reads to higher levels of the corresponding proteins were detected by Western blot (Fig 4C) 
36
The numbers indicate the position of the TLO gene on chromosome 1. (Bruno et al, 2010) Table S1 . Primers used to amplify TLOs from chromosome arms. 19 20 Table S2. C. albicans strains used in this study. 
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